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ABSTRACT. The paper gives the  formulas f o r  t he  cont ras t  
and br ightness  of t he  cloud against  t he  sky background. These 
formulas a re  discussed f o r  t h e  conditions corresponding t o  the  
s i te  o f  the  observer on the  e a r t h ' s  surface,  i n  t he  space ship,  
a t  t he  leve l  (by day) of 60-70 km. I t  is s t a t e d  t h a t  pear l  
and other  s t r a tosphe r i c  clouds s i t ua t ed  lower than 30 km become 
well v i s i b l e  i f  they a re  observed from a space sh ip  against  t he  
background of t he  ea r ly  dawn. The paper shows t h a t  t h i s  method 
is not appl icable  t o  noct i lucent  cloud observations,  as t he  con- 
trast cons t i t u t e s  only f rac t ions  of a percent.  

/30* - The bas i c  c r i t e r i a  f o r  s e l ec t ing  the  conditions from observing such 
d i f f icu l t - to- reach  objects  
br ightness  and t h e i r  cont ras t  against  t h e  sky's background. 

as noct i lucent  clouds, are na tu ra l ly  t h e i r  

Besides these two c r i t e r i a ,  other  supplementary c r i t e r i a  should be 
considered, such as  the  s i z e  of  t he  t e r r i t o r y  being s tudied and the  
p o s s i b i l i t y  of determining the  a l t i t u d i n a l  and horizontal  s t ruc tu re  of  
cloud formations. Bearing these c r i t e r i a  i n  mind, le t  us compare the  
d i f f e r e n t  conditions which can be rea l ized  from the  e a r t h ' s  surface 
and from space sh ips .  

When observed from the  e a r t h ' s  surface,  noct i lucent  clouds belong 
t o  a large diverse  group of twi l igh t  phenomena. 
t h e  f i l m  of t h e  diffused atmospheric sunl ight  which obscures them, d i s -  
solves,  i . e . ,  when the  e f f ec t ive  a l t i t u d e  H of t he  ea r th ' s  shadow i n  the  
d i rec t ion  of t he  s igh t ing  reaches approximately 50-60 km [l]. 
comes g rea t e r ,  approximately 90-100 km, t he  clouds become f u l l y  immersed 
i n  the  ea r th ' s  shadow and cease t o  be v i s i b l e .  About h a l f  of t h i s  t i m e  
period t h e i r  cont ras t  C against  t h e  sky's background, as can e a s i l y  be 
seen, amounts t o  the  following value as a first approximation: 

They become v i s i b l e  when 

When H be- 

where h is t h e  a l t i t u d e  of the  cloud base;Tc/,,/ andr,&, 
pect ively the  op t i ca l  thickness of  the  clouds and atmosphere a t  an $1- 
t i t u d e  h i n  t h e  v e r t i c a l  d i rec t ion ,  andf,/oo/ and.f,-t, a re  normalized in-  
d i ca t r ixes  of dispers ion of the  cloud matter and atmosphere respect ively.  

I t  i s  e s sen t i a l  t h a t  t he  dependence o f  t he  con t r a s t ' o  Gction 
t i n g  is determined here  only by the  factorf,/,,dwhich e s o l a r  
much more favorable f o r  t h e  observation of t h e  zenith o r ,  even .to 

e r  extent ,  t he  opposite horizon. 

(h) a r e  res- 

P, 

* Numbers i n  margin ind ica te  pagination i n  or ig ina l  t e x t ,  



A t  the  same time i n  the  red region of the spectrum the  relat ionships  
of ?hud/&!.y and - f h J / & . ,  
t h e  increase i n  wavelength, the contrast  increases too. 
achieved a t  the  expense of a decrease i n  br ightness .  

are grea te r  than i n  the  blue region [l]. With 
This i s ,  however, 

The brightness of a cloud against  the  sky 's  background at t h e  moment 
of maximum contrast  is approximateiy equal t o  

where So is t h e  s o l a r  constant f o r  a corresponding s e c t o r  of the spectrum; 
P i s  the  v e r t i c a l  transparency of the e n t i r e  thickness of the atmosphere, 
and m is  t h e  a i r  mass i n  the  d i rec t ion  of the  observation. The I a l s o  de- 
creases as a r e s u l t  of the  decrease of % and an increase i n  the wavelength. /31 - 

Formulas (1) and (2)  remain t r u e  a l s o  f o r  the observer i n  a space 
sh ip  who examines the e a r t h ' s  twi l igh t  b e l t  i n  a d i rec t ion  which does not 
d r a s t i c a l l y  d i f f e r  from the nadir .  The only advantages of such observa- 
t i o n  are independence from weather conditions and the  a b i l i t y  t o  observe 
la rger  t e r r i t o r i e s  during c e r t a i n  periods of time [2 ] ,  because the  observ- 
er  
ence t o  the  e a r t h ' s  surface.  

himself and the  twi l igh t  b e l t  rapidly s h i f t  t h e i r  posi t ions i n  r e f e r -  

In r e a l i t y ,  the  same conditions a re  encountered by a person observing 
noctilucent clouds during daylight hours against  the  background of space 
a t  an a l t i t u d e  ofls60-70km. Because i n  a l l  the  enumerated cases the obs- 
ervations are conducted from below o r  above, the main'object of obs,ervation 
turns  out t o  be the horizontal  s t r u c t u r e  of the  cloud cover. A s  i s  shown 
i n  [3] ,  a three-dimensional spec t ra l  analysis of t h i s  s t r u c t u r e  can be a 
good source of information concerning the  s t r u c t u r e  of the  turbulent  move- 
ments a t  corresponding a l t i t u d e s .  

Let us now assume t h a t  an observer s i t u a t e d  i n  a space ship studying 
noct i lucent  clouds "in prof i le"  against  the  background of the l i g h t  aureole 
which fr inges the  p a r t  of the  ear th  illuminated by the  sun. 
case it can be shown t h a t  the  brightness of the  cloudless horizon a t  the 
a l t i t u d e  of the  nocti lucent clouds is  approxiniately equal t o  

In suchi a 

where y&%t 
account the  i n d i c a t r i x  of dispers ion and the  albedo of the lower layers 
of tVe atmosphere. 

is  taken a t  the level  of the  layer  pos i t ion ,  and G takes i n t o  

When t h e  clouds are present ,  t h i s  expression takes the form of 

- 
L" . . 

(4) 

The r e l a t i v e  change of brightness of the  horizon where the  cloud layer  
appears i s  therefore  equal t o  

and i f  7 e 5 km, then C and a l so  when observations are made 
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i n  t he  d i r ec t ion  of t h e  s o l a r  horizon, t h i s  quant i ty  becomes somewhat 
grea te r  because of t he  ind ica t r ix  e f f e c t ,  which has a percept ible  eff 
on the  value of G.  

I t  follows from (3) - (5) t h a t ,  i f  observed from a space sh ip ,  noct 
lucent clouds which are i l luminated by the  sun (or  even the moon) a r e  
b r igh t  enough and should appear s u f f i c i e n t l y  sharply against  t h e  back- 
ground of t h e  horizon. A t  the  same t i m e  it becomes possible  t o  d i s t i n -  
guish t h e  v e r t i c a l  s t ruc tu re  o f  t h e  cloud layer  averaged along the  v i s -  
ua l  l i n e  on i t s  sec t ion  of about 500-100 km i n  length.  
is  the  p o s s i b i l i t y  of simultaneous observation of a sec t ion  of the  ho r i -  
zon up t o  10,000 km i n  length. 
complete l o s s  of information concerning t h e  hor izonta l  s t ruc tu re  of the  
cloud f i e l d .  

. .  

Also important 

This may be achieved, but t h e  p r i c e  is  

If the  observer is  placed not above the  cloud layer  but at it level,  
&hen when observing i n  the  d i rec t ion  of t he  horizon i n  can be e a s i l y  shown 
t h a t  t he  br ightness  o f  t he  observed p i c tu re  w i l l  decrease subs t an t i a l ly ,  
but  t he  cont ras t  w i l l  remain p r a c t i c a l l y  the  same as  f o r  an observer i n  a 
space sh ip .  Therefore, such a var ian t  does not have any advantages. 
Pear l  and other  s t r a tosphe r i c  clouds s i t ua t ed  a t  lower a l t i t u d e s  (approx. 
30 km) become c l ea r ly  v i s i b l e  i f  they a re  observed from a space sh ip  
against  t h e  background of an ea r ly  dawn [4,5]. 

Nevertheless, f o r  the  observation of t he  noct i lucent  clouds such a 
method becomes use less ,  because t h e  cont ras t  i n  t h i s  case is approximate- 
l y  equal t o  CS(X~~~~ i . e . ,  represents a f r ac t ion  of a percent only. 

- /32 

5 
Thus, t h e  dawn observations of the noct i lucent  clouds conducted from 

a space sh ip  i n  d i rec t ions  close t o  the nadi r  a r e ,  i n  r e a l i t y ,  dupl icat ing 
the  observations from the  ea r th ' s  surface.  Being such, they a t  t h e  same 
time increase the  a rea  of observations and make these  observations free 
from weather obstacles .  
contrary,  i f  they a r e  conducted against  t he  background of l i g h t  aureal  of 
t h e  edge of t h e  ea r th  i l luminated by the  sun, can s u f f i c i e n t l y  supplement 
ground observations,  especial ly  i n  inves t iga t ing  the  cloud layer  s t ruc tu res  
and i n  increasing the  geographical area accessible  t o  the  observer. 

Daylight observations from a space vehicle,  on the  

The intermediate var ian t  (observations i n  t h e  f r e e  atmosphere) i n  com- 
parison with o ther  var ian ts ,  do not contr ibute  anything subs t an t i a l ly  new, 
and, a t  t h e  same t i m e ,  the shadow method of observation against  the  back- 
ground of an ear ly  dawn is generally unsuitable f o r  inspect ing noct i lucent  
clouds. 
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